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Description 

[0001] The present invention relates to a biodegrad- 
able medical device to deliver a medication to a specific 
internal site, which is made of lactic acid polymer and 
contains a drug. Moreover, the present invention relates 
to a medical device that can be used to treat or prevent 
diseases of the retina or to promote a recovery from 
damage after vitreous surgery while taking advantage 
of the sustained release of a drug. 
[0002] A vitreous body is one of intraocular tissues 
that is viscous, transparent, and gel-like. A vitreous 
body consists mainly of water and includes components 
comprising collagen fibers and hyaluronic acid. The ret- 
ina is the most inner tissue layer of the eye. It covers a 
vitreous body and is in direct contact therewith. Dis- 
eases of the retina are generally intractable and some 
of the diseases are accompanied by opacity of the vitre- 
ous body. Examples of such diseases are retinal hemor- 
rhage caused by various damage, proliferative 
vitreoretinopathy accompanied by vascularization and 
proliferation of retinal cells, retinal detachment and 
retinoblastoma. 

[0003] Eye diseases are generally treated by instil- 
lation of drugs. However, drugs can barely reach the ret- 
ina or vitreous body by instillation. Moreover, the blood- 
aqueous barrier reduces delivery of effective concentra- 
tion of a drug to the retina or a vitreous body even by a 
systemic administration, e.g., intravenous administra- 
tion. It is not practical to inject a drug directly into a vit- 
reous body, because injection of a high concentration of 
a drug may cause disorders of intraocular tissues and 
the procedure for repeated injection is laborious and 
may cause infection. 

[0004] Some diseases are treated by intraocular 
surgery. For example, in the case of vitreous hemor- 
rhage, the opaque vitreous body is excised, and in the 
case of proliferative vitreoretinopathy, the proliferative 
tissues and the vitreous body are excised. In the case of 
retinal detachment, the vitreous body is excised and an 
artificial vitreous body such as silicone is used to hold 
the retina steady. In vitreous surgery, the sclera that is 
the eyeball wall is incised at three sites; a site to irrigate 
physiological irrigating solution into the eye, a site to 
insert a guide that is used to light up the intraocular por- 
tion, and a site to insert tools for excision of a vitreous 
body, such as a cutter. A scleral plug made of metal may 
be used temporarily to insert tools into the eye or 
remove them (Am. J. Ophthalmol. 91, 797 (1981)), but 
the incisions are finally sutured to complete surgery. 
[0005] For medicinal treatment of diseases of the 
retina or diseases of the vitreous body, a direct injection 
of drugs into the vitreous body is used. Methods for 
treating diseases have been studied in which micro- 
spheres or liposomes were used to release drugs slowly 
(Invt. Ophthalmol. Vis. Sci. 32, 1785 (1991)). 
[0006] Recently, polymers from lactic acid have 
been studied as biodegradable polymers. Application 
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studies of such polymers are reported, for example, as 
a substance to fix fractures of bones (Japanese Unex- 
amined Patent Publication 29663/91), as a suture for 
surgery (Japanese Unexamined Patent Publication 
5 501 109/92), or as a vehicle for an intraocular implanta- 
tion (Japanese Unexamined Patent Publication 
22516/88). Sustained release of drugs with the use of 
poly(lactic acid) has also been studied (J. Med. Chem, 
16, 897 (1973)). Furthermore, sustained release prepa- 
id rations for intraocular implantation using low molecular- 
weight poiy(lactic acid) have been reported (Japanese 
Unexamined Patent Publication 17370/93). 
[0007] US-patent 4,863,457 discloses an implant 
for delivering continuous controlled supply for medica- 
ls tion to a specific internal site of an eye. This medical 
device consists of a biodegradable material impreg- 
nated with therapeutic agents, which are released and 
can be diffused into the sites to be treated as the 
Implant erodes. 
20 [0008] Specifically the Implant known from the US- 
patent comprises a more or less flat, circular base por- 
tion to be positioned in the sclera below the conjunctival 
membrane located beneath eyelids, and a tapered stem 
portion formed as a hook or an anchor to assist in 
25 retaining the implant in place. 

[0009] However, despite the provision of a hook or 
anchor the polymer material of the implant may possibly 
be moved inside the intraocular tissues, which might 
cause a bad influence on surrounding tissues and may 
30 also effect a visual field and contact tissues of lens to 
cause cataract depending on the site where the polymer 
is implanted. Accordingly, additionally to the provision of 
the hook or anchor the known implant needs a fixation 
to the sclera with a suture or the like. However, such 
35 sutures are a burden for the patient and accordingly to 
be avoided. 

[001 0] Accordingly, it is the object of the invention to 
provide a medical device of the above-mentioned kind, 
by which drugs may be released gradually to the 

40 intraocular tissues for a long period of time avoiding the 
need for an additional fixing by suture or the like. 
[0011] According to the present invention this 
object is solved in that the device is a nail-like scleral 
plug and has a head portion and a shaft portion, 

45 wherein the shaft portion only of the scleral plug is 
insertable into the vitreous body through the sclera such 
that the head portion remains outside the vitreous body, 
wherebey the shaft portion is absorbable into the vitre- 
ous body so that the drug is released gradually into the 

50 vitreous body from the scleral plug. 

[001 2] The present invention makes use of the fact, 
that the diseases of the retina often treated by intraocu- 
lar surgery in which a sclera has incision sites. Namely, 
according to the present invention the scleral plug is 

55 fixed so as not to move without any specific means, 
because it is inserted into the decision site of the sclera 
and firmly fits therein by making use of the shrinkage 
force of the sclera. 
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[0013] Further, as the result of our research on 
material for a scleral plug that need not be removed 
after surgery, we found that by using a lactic acid copol- 
ymer as the plug material, a scleral plug that is gradually 
degraded in the eye tissues and absorbed into the tis- 5 
sues, is safe to the highly sensitive tissues of the eye, 
can be prepared. Meanwhile, various properties are fur- 
ther desired to be provided to a scleral plug. Desired 
properties include maintaining the function to plug a 
scleral Incisions for a required period, being degraded 10 
and absorbed in the required period, being easily han- 
dled during surgery, and so on. First, we examined a 
range of molecular weights for the lactic acid copolymer 
and the molar ratio of lactic acid units in the lactic acid 
copolymer which should satisfy the desired conditions, 75 
and found that it is preferable that the weight-average 
molecular weight of the lactic acid copolymer is in the 
range from 10,000 to 1,000,000 and the molar ratio of 
lactic acid units in the lactic acid copolymer is in the 
range from 50 to 1 GO mole %. Further, as a result of our 20 
study on the shape of a scleral plug, we found that it is 
preferable for a scleral plug to have a nail-like shape 
comprising a head portion, which prevents the plug from 
dropping into the inner site of eye, and a shaft portion, 
which is inserted through a scleral incision into the vitre- 25 
ous body. In particular, it is preferable that the end of the 
shaft portion is pointed, i.e., it is an acute-angled shape, 
such as pyramidal or conical, to prevent complication 
damage which may be caused when the plug is 
inserted. 30 
[0014] We also studied a method to release a drug 
gradually into a vitreous body, and found that the object 
to release a drug gradually can be attained by allowing 
the drug to be contained in a scleral plug made of lactic 
acid copolymer, inserting the plug through a scleral inci- 35 
sion into the vitreous body, and putting the end portion 
of the plug Into the vitreous body. The insertion of the 
plug is usually carried out at a site of pars plana. It is 
possible to design the scleral plug of the present inven- 
tion to enable a drug to be released depending on a 40 
desired releasing period by altering the molecular 
weight and/or the molar ratio of lactic acid units of the 
lactic acid copolymer. Because the plug is made of a 
biodegradable polymer, we found that the scleral plug of 
the present invention need not be removed after the 45 
drug is completely released, which could make it possi- 
ble to attain effectively the object of the present inven- 
tion. We also found that the scleral plug of the present 
invention could be inserted not only through an incision 
from vitreous surgery but also through a small opening so 
directly made into a vitreous body through the sclera 
because the scleral plug of this invention can easily be 
inserted into the vitreous body through the sclera. 
Therefore, the scleral plug of the present invention can 
be used to treat or prevent diseases of the retina even if 55 
vitreous surgery is not earned out. If a very long drug- 
releasing period is needed, additional scleral plugs of 
the present Invention can be inserted. If a high concen- 



tration of the drug is needed, a plurality of the plugs of 
the present invention can be inserted simultaneously. 
[0015] The present invention relates to a scleral 
plug made of lactic acid copolymer; a scleral plug con- 
taining a drug that is designed to gradually release the 
drug into a vitreous body; and a scleral plug that is used 
to treat or prevent diseases of the retina or to promote 
recovery from damage after vitreous surgery taking 
advantage of its sustained release effect for drug deliv- 
ery. As used herein, "a lactic acid copolymer" generally 
means a copolymer comprising lactic acid units and gly- 
colic acid units. However, malic acid, glyceric acid, or 
tartaric acid, etc. can also be used instead of glycol Ic 
acid. "A lactic acid copolymer" also includes a copoly- 
mer consisting of lactic acid units in a molar ratio of 
100%, i.e., poly (lactic acid). A lactic acid unit may be in 
a L-, D-, or DL-form. 

[001 6] A scleral plug needs to be strong enough not 
to break or chip by manipulation with a pincette during 
surgery. Moreover, a scleral plug needs to have proper- 
ties to release a drug slowly during the desired period of 
time for treatment, etc., and to be degraded in eye tis- 
sues and absorbed Into the tissues aftenwards. The 
properties of a scleral plug can be determined by the 
weight-average molecular weight of the copolymer, the 
ratio of lactic acid units and glycolic acid units (unless 
otherwise stated the ratio is represented on a molar 
basis), and the like. To simplify the following explanation 
hereinafter, a copolymer consisting of lactic acid units 
and glycolic acid units is taken as a sample of copoly- 
mers. The degree of degradation of the copolymer 
essentially depends upon the degree of crystallinlty and 
water absorptivity of the copolymer. As either the ratio 
of lactic acid units or that of glycolic acid units becomes 
higher, the degree of crystallinity becomes higher and 
the degradation rate becomes lower. When the ratio of 
lactic acid units and glycolic acid units Is 50/50, the deg- 
radation rate is the highest. As the ratio of glycolic acid 
units in the copolymer becomes higher, the characteris- 
tics of polyglycolic acid appear and result in an increase 
of hydrophiliclty, because polyglycolic acid is slightly 
more hydrophilic than poly(lactlc acid). Therefore, the 
water absorptivity becomes higher and the degradation 
rate becomes higher. If the ratio of glycolic acid units is 
over 50%, the plug is difficult to prepare, because the 
copolymer Is not easily dissolved in the usual organic 
solvents that are used to prepare the plug. Therefore, in 
consideration of the above mentioned characteristics of 
glycolic acid units, the ratio of glycolic acid units is pref- 
erably 50% or less. 

[0017] The degradation rate of the plug is generally 
in proportion to the weight-average molecular weight of 
the copolymer. Therefore, as the molecular weight 
becomes higher, the degradation rate becomes lower. 
[0018] When the plug is prepared, the ratio of lactic 
acid units and glycolic acid units and the molecular 
weight of the copolymer can be selected by taking 
account of the above-mentioned characteristics of the 
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composition and functions required of the plug. The 
molar content of the lactic acid units in the copolymer for 
the scleral plug of the present invention is preferably 50 
to 100%. The molar content of the glycollc acid units is 
preferably 0 to 50%. The molecular weight of the copol- 5 
ymer affects the strength of the plug. As the molecular 
weight becomes higher, the strength of the plug is 
increased. Taking into consideration the strength 
required for the plug, the molecular weight of the copol- 
ymer is preferably 10,000 or more. When the molecular 
weight is too high, the degradation rate of the plug 
becomes low and the molding of the plug becomes dif- 
ficult. Accordingly the molecular weight of the copoly- 
mer is preferably 1,000,000 or less. Thus, the weight- 
average molecular weight of the copolymer is preferably 
from 10,000 to 1 ,000,000 and can be selected from the 
range depending on the application purposes. 
[0019] The weight-average molecular weight of the 
copolymer and ratio of lactic acid units and glycolic acid 
units are determined depending upon the period of time 
to maintain the effective concentration of the drug. The 
period of time to maintain the effective concentration of 
the drug, i.e., a required releasing period, is mainly 
determined depending upon the disease to be treated, 
the symptoms, and the effects of the drug. The scleral 
plug of the present invention can be preferably used to 
treat various kinds of retina diseases or to promote 
recovery from damage after vitreous surgery. For exam- 
ple, proliferative vitreoretinopathy, viral infection, post- 
operative inflammation, postoperative infection can be 
treated or prevented. The releasing period of a drug can 
be controlled in the range from one week to six months 
by selecting the molecular weight of the copolymer or 
the ratio of lactic acid units and glycolic acid units. 
[0020] If the desired releasing period is relatively 
short, such as one to two weeks, the molecular weight 
of the copolymer can be about 10,000 to 100,000 and 
preferably about 10,000 to 50,000, and more preferably 
20,000 to 40,000. If the desired releasing period is 
about two weeks to one month, the molecular weight of 
the copolymer can be about 10,000 to 200,000 and 
preferably about 20.000 to 100,000, and more prefera- 
bly 20,000 to 50,000. If the desired releasing period is 
long, i.e., more than one month, for example, one to six 
months, the molecular weight of the copolymer can be 
about 10,000 to 1,000,000 and preferably about 20,000 
to 400,000, and more preferably 40,000 to 200,000. As 
described above, the releasing period of a drug can also 
be controlled by altering the molar ratio of lactic acid 
units and glycolic acid units. Taking into consideration 
the releasing period of the drug and the degree of deg- 
radation of the plug, an appropriate molecular weight 
and the ratio of lactic acid units and glycolic acid units In 
the copolymer are selected. The ratio of lactic acid units 
and glycolic acid units is in the range from 100/0 to 
50/50. 

[0021] In more detail, when the drug is doxorubicin 
hydrochloride, which is useful for proliferative vitre- 



oretinopathy, the releasing period for the drug is prefer- 
ably two weeks to one month. The molecular weight of 
the copolymer of the scleral plug is about 10,000 to 
200,000, preferably about 20,000 to 100,000, more 
preferably about 20,000 to 50,000 and the ratio of lactic 
acid units and glycolic acid units Is 100/0 to 50/50, pref- 
erably 80/20 to 50/50, more preferably about 80/20 to 
70/30. When the drug Is ganciclovir, which is useful for 
viral infection, the releasing period of the drug is more 
than one month, for example one to six months, prefer- 
ably about four to six months. The molecular weight of 
the copolymer of the scleral plug is about 10,000 to 
1,000,000, preferably about 20,000 to 400,000, more 
preferably about 40,000 to 200,000 and the molar ratio 
of lactic acid units and glycolic acid units is 100/0 to 
50/50. preferably 80/20 to 50/50, more preferably about 
80/20 to 70/30. 

[0022] A plurality of the scleral plugs of the present 
invention can be used simultaneously and successively 
or additionally. Therefore, if a high concentration of the 
drug is needed for clinical treatment, a plurality of the 
plugs can be used simultaneously, and if a releasing 
period of the drug should be extended, the plugs can be 
used successively or additionally. Thus, even if a 
desired amount of the drug can be hardly contained in a 
piece of plug, a desired amount of the drug can be 
released into the vitreous body by using plugs simulta- 
neously or successively 

[0023] Japanese Unexamined Patent Publication 
17370/93 discloses the use of poly(lactic acid) in a sus- 
tained release preparation that can be implanted in 
eyes, but the poly(lactic acid) is low in average molecu- 
lar weight (up to about 7000). Such low molecular- 
weight poly(lactic acid) can not be used as a material for 
the scleral plug, because the above-discussed desired 
properties cannot be obtained. 
[0024] A preferred shape of the scleral plug is a 
nail-like shape comprising a head portion, which pre- 
vents the plug from dropping into the eye ball, and a 
shaft portion, which is inserted into a scleral incision. In 
particular, it is preferable that the end of the shaft por- 
tion be pointed, i.e., it is an acute-angled shape, such 
as, pyramidal or conical to prevent disease complica- 
tion, which may be caused when the plug is inserted. 
Preferably, the head portion is formed in a hemispheric, 
disk-like or polygonal (e.g., hexagonal) shape and the 
shaft portion is formed in prismatic, columnar, or the 
like, shape. The following information on the sizes of the 
plug is given by way of explanation to make understand- 
ing the shape of the plug of the present invention easier. 
The length of the plug is normally about 6 mm, the 
diameter of the head portion is about 2 mm, the diame- 
ter or width of the shaft portion is about 1 mm, and the 
weight of the plug is about 9 mg. Of course, these sizes 
can be altered depending upon the amount of the drug 
to be contained. A release of the drug into the vitreous 
body can be attained by diffusion of the drug accompa- 
nying hydrolysis of the copolymer of the plug. The plug 
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is not required to be removed because it is degraded In 
eye tissues and absorbed into the tissues. The amount 
of the released drug can be adjusted to a level that can 
maintain the effective concentration in the vitreous body 
and does not cause retinal damage, since the retina is 5 
easily damaged by contact with a high concentration of 
drugs. The amount of the released drug can be control- 
led by selecting the content of the drug in the plug, the 
molecular weight of the copolymer and a ratio of lactic 
acid units and glycolic acid units. The amount of the 10 
drug to be contained in the plug can be selected 
depending on the period over which the effective con- 
centration of the drug should be maintained. The period 
can be selected depending on the disease to be treated 
or prevented, the symptoms, the properties or effects of 15 
the drug, etc. The period to maintain the effiective con- 
centration of a drug is normally in the range of a week to 
six months. For example, when antitumor agents, such 
as doxorubicin hydrochloride, which can be used to 
treat proliferative vitreoretinopathy, are used, a standard 20 
releasing period of the drug is in the range from about 
two weeks to one month. When antiviral agents such as 
ganciclovir, which can be used to treat viral infections, 
are used, a standard releasing period of the drug is 
more than one month, e.g., about one month to six 
months. When antiinflammatory agents, such as ster- 
oids, which can be used to treat postoperative inflam- 
mation, are used, a standard releasing period of the 
drug is in the range from about two weeks to one month. 
When antibiotics, which can be used to treat postopera- 
tive infections, are used, a standard releasing period of 
the drug is in the range from about one week to two 
weeks. When antifungal agents, which can be used to 
treat mycotic infections, are used, a standard releasing 
period of the drug is more than one month, for example, 
in the range from about one month to two months. A 
variety of drugs that are useful to treat or prevent vari- 
ous diseases of the retina or to promote recovery from 
damage after vitreous surgery, can be used. The char- 
acteristic of the present invention is a technology to 
apply biodegradable lactic acid copolymers and the 
drug itself does not limit applications of the present 
invention. Various kinds of drugs such as antitumor 
agents, antibiotics, antiinflammatory agents, antiviral 
agents or antifungal agents can be used. 
[0025] General methods of preparing the plug of the 
present invention comprises the steps of synthesizing a 
lactic acid copolymer according to a known method, dis- 
solving the copolymer in an organic solvent, such as 
methylene chloride, acetonitrile, acetic acid, or the like, 
adding a drug to the mixture, removing the solvent, and 
forming a plug from the obtained powder. The lactic acid 
copolymer can be prepared by e.g.. polymerizing lactic 
acid or the cyclic dimer thereof and a comonomer such 
as glycolic acid or the cyclic dimer thereof in the pres- 
ence of a catalyst such as tin octylate and lauryl alcohol. 
A bulk polymerization is preferable, but the polymeriza- 
tion methods are not limited. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Figure 1 is a perspective view of the scleral plug 
prepared in the Productional example 1 below; and 
Figure 2 is a perspective view of the scleral plug 
prepared in the Productional example 2 below. 

BEST MODE OF CARRYING OUT THE INVENTION 

[0027] Processes for producing scleral plugs for 
sustained release of drugs, i.e., doxorubicin hydrochlo- 
ride, which can be used to treat or prevent proliferative 
vitreoretinopathy, and ganciclovir, which can be used to 
treat or prevent viral infection, are exemplified below. 
The following examples are given to make the present 
invention clearly understood and shall not limit the 
scope of the present invention. 

(Productional example 1) 

[0028] First, an L-lactic acid/glycolic acid (in a molar 
ratio of 75/25) copolymer was synthesized in the pres- 
ence of a catalyst consisting of tin octylate and lauryl 
alcohol by a bulk ring-opening polymerization. The 
weight-average molecular weight of the obtained copol- 
ymer was 38,000. After the copolymer (198 mg) was 
dissolved in 2 ml methylene chloride, doxorubicin hydro- 
chloride (2 mg) was dispersed in the solution while stir- 
ring. The resulting dispersion was cast on a Teflon sheet 
to obtain an L-lactic acid/glycolic acid copolymer sheet 
containing doxorubicin hydrochloride. Then the scleral 
plug shown in Fig. 1 was formed from the sheet by a cut- 
ting and skiving process. 

[0029] The scleral plug 4 is a nail-like shape con- 
sisting of a disk-like shaped head portion 1 and a shaft 
portion 3 of a square pillar. The end 2 of the shaft por- 
tion 3 is pyramidal. 

(Productional example 2) 

[0030] 1 0OOmg of a copolymer (molar ratio of L-lac- 
tic acid unit/glycolic acid unit: 75/25, the weight-average 
molecular weight was 40,000) prepared as described in 
Productional example 1 and doxorubicin hydrochloride 
(5 mg) were dissolved in 5 ml of acetonitrile/water (9/1). 
The solvent was then removed from the solution by 
lyophilization. The resulting powder was formed into a 
scleral plug under heating to obtain the scleral plug 
shown in Fig. 2. 

[0031] The scleral plug 14 is a naiNike shape con- 
sisting of a hemispheric head portion 1 1 and a columnar 
shaft portion 13. The end 12 of the shaft portion 13 is 
conical. 

[0032] By similar methods to those as described 
above, a scleral plug which consists of L-lactic acid/gly- 
colic acid in a molar ratio of 50/50, 70/30, or 80/20 and 
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having a weight-average molecular weight of 10,000, 
20,000, 50,000, 70,000, 100,000, or 200,000; and 
which contains doxorubicin hydrochloride by 0.1%, 
0.3%, 0.5%, 1%, or 2% can be obtained. By using D- 
lactic acid or DL-lactIc acid instead of L-lactic acid, a 
similar scleral plug can be obtained. 

(Productlonat example 3) 

[0033] 900mg of a copolymer (DL-lactic acid/gly- 
colic acid: 75/25, the weight-average molecular weight 
was 122,000) prepared as described in Productional 
example 1 and ganciclovir (100 mg) were dissolved in 
1 5 ml of acetic acid and the mixture was lyophilized. The 
resulting powder was formed into a scleral plug under 
heating. 

[0034] By similar methods to those described 
above, a scleral plug which consists of DL-lactic 
acid/glycoilic acid in a molar ratio of 50/50. 70/30, or 
80/20 and having a weight-average molecular weight of 
10,000, 20,000, 40,000, 200.000, 400,000, or 
1,000,000; and which contains ganciclovir by 1%, 2%, 
5%, 10%, 15%, or 20% can be obtained. By using L-lac- 
tic acid or D-lactic acid instead of DL-lactic acid, a simi- 
lar scleral plug can be obtained. 

(Productional example 4) 

[0035] 900mg of poly(L-lactic acid) (the weight- 
average molecular weight was 95,000) and ganciclovir 
(100 mg) were dissolved in 15 ml of acetic acid and then 
the mixture was lyophilized. The resulting powder was 
formed into a scleral plug under heating. 
[0036] By similar methods to those described 
above, a scleral plug having a weight-average molecu- 
lar weight of 10,000, 20,000, 40,000, or 200.000; and 
which contains ganciclovir by 1%, 2%. 5%, 10%, 15% or 
20% can be obtained. By using poly (DL-lactic acid) or 
poly(D-tactic acid) instead of poly (L-lactic acid), a simi- 
lar scleral plug can be obtained. 
[0037] Sustained release effect of the drug, safety 
and degradation rate of the scleral plug which contains 
doxorubicin hydrochloride as an example of a drug were 
tested. The scleral plug containing doxorubicin hydro- 
chloride prepared in Productional example 1 above was 
used. 

(1) In vitro tests 

[0038] The scleral plug was incubated In an Isotonic 
phosphate buffer, (pH 7.4) at 37°C. 1, 3, 7, 14. 21, and 
28 days after starting of the incubation, the amount of 
eluted doxorubicin hydrochloride was measured with a 
fluorescent spectrophotometer. The results are shown 
in Table 1, where the eluted amounts are represented 
by wt% to the amount of doxorubicin hydrochloride that 
is originally contained in the sclera! plug (100%). The 
results were shown by the mean value of three test 



samples. 



Table 1 



5 


Day 


The amount of eluted 
drug (%) 




1 


6.2 




3 


9.5 


10 


7 


13.4 




14 


17.2 




21 


22.2 


15 


28 


26.0, 



[0039] As shown in Table 1 , doxorubicin hydrochlo- 
ride was eluted slowly for four weeks. The results prove 
20 the sustained release effect of the drug, which is the 
object of the present invention. During the test period, 
disintegration of the plug was not observed. 

(2) In vivo tests 

25 

[0040] Vitreous surgery was performed on one eye 
of each of ten pigmented rabbit After two weeks, the 
scleral plug was inserted through the scleral incision 
and covered with conjunctiva. 1, 3, 5, 14, and 28 days 
30 after insertion, 0.2 ml aqueous humor was taken from 
vitreous cavity and stored at -80°C. The concentration 
of doxorubicin hydrochloride in the aqueous humor was 
measured by a high performance liquid chromato- 
graphic method. The results are shown in Table 2. 

35 



40 



45 



Table 2 


Day 


The concentration of 
drug (ng/ml), mean value 
of ten eyes 


1 


12.4 


3 


12.8 


5 


9.4 


14 


2.8 


28 


7.5 



50 [0041] As shown in Table 2, doxorubicin hydrochlo- 
ride was released gradually into the vitreous body for 
four weeks and the effective concentration was main- 
tained (2 to 10 ng/ml) on each measuring day. Moreo- 
ver, the concentration of the drug did not greatly rise at 

55 a time and accumulation of the drug in the vitreous body 
was not observed. The sustained release effect and the 
safety of the plug of the present invention were proved 
by this test. 
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(3) Toxicity tests 

(Histopathologic change in tissues) 

[0042] The scleral plug was inserted through a scle- 
ral incision into the vitreous body of a pigmented rabbit 
and covered with conjunctiva. After one or three 
months, an eyeball was excised to observe histopatho- 
logic change in eye tissues with a tight microscope. No 
histopathologic change was observed and the safety of 
the plug was proved. After the excision of an eyeball, the 
condition of the plug was also checked to ascertain deg- 
radation of the scleral plug. The result proves that the 
scleral plug of the present invention is slowly degraded 
in a living body. 

(Change in retinal functions) 

[0043] Vitreous surgery was performed on one eye 
of each of two pigmented rabbits and then the scleral 
plug was inserted through the scleral incision and cov- 
ered with conjunctiva. One month after insertion, an 
electroretlnogram was recorded and compared with the 
electroretinogram recorded before vitreous surgery and 
also compared with the electroretinogram of the other 
eye, which was not treated by vitreous surgery. No 
change In b wave was observed In every case. The 
result proved that the scleral plug of the present inven- 
tion did not affect the functions of retina. 

INDUSTRIAL APPLICABILITY 

[0044] The present invention provides a scleral plug 
that effectively plugs an incision after vitreous surgery 
and is not required to be removed. The scleral plug ena- 
bles a drug to be administered safely and effectively in 
intraocular tissues, where drugs hardly distribute, by 
releasing a drug gradually for a long period. Moreover, tt 
is possible to find another conventional methods for 
administering a drug, e.g., a method involving the use of 
a scleral Incision which is formed during vitreous sur- 
gery. 

Claims 

1. Biodegradable medical device to deliver a medica- 
tion Into a vltrous body, which is made of lactic acid 
polymer and contains a drug, characterized in that 
the device is a nail-like scleral plug and has a head 
portion (1, 11) and a shaft portion (3, 13). wherein 
only the shaft portion (3, 13) of the scleral plug is 
insertable Into the vitreous body through the sclera 
such that the head portion (1 , 11) remains outside 
the vitreous body, whereby the shaft portion (3, 1 3) 
is absorbable into the vitreous body so that the drug 
is released gradually into the vitreous body from the 
scleral plug. 



2. Biodegradable medical device according to claim 1 , 
wherein the lactic acid polymer comprises lactic 
acid units and glycolic acid units. 

5 3. Biodegradable medical device according to claim 2. 
wherein the weight-average molecular weight of the 
lactic acid copolymer is in the range from 10,000 to 
1,000.000. 

10 4. Biodegradable medical device according to claim 2 
or 3. which contains a drug for use in promoting a 
recovery from damage after vitreous surgery, 
wherein said dmg is released slowly into a vitreous 
body. 

15 

5. Biodegradable medical device according to any of 
claims 2 to 4, wherein the weight-average molecu- 
lar weight of the copolymer Is In the range from 
10.000 to 100,000, and said plug is designed to 

20 release effective concentration of a drug for about 
one to two weeks. 

6. Biodegradable medical device according to claim 5, 
wherein the weight-average molecular weight of the 

25 copolymer is in the range from 20,000 to 40,000. 

7. Biodegradable medical device according to any of 
claims 2 to 4, wherein the weight-average molecu- 
lar weight of the copolymer is in the range from 

30 10.000 to 200,000, and said plug is designed to 
release effective concentration of a drug for about 
two weeks to one month. 

8. Biodegradable medical device according to claim 7, 
35 wherein the weight-average molecular weight of the 

copolymer is in the range from 20,000 to 50,000. 

9. Biodegradable medical device according to any of 
claims 2 to 4. wherein the weight-average molecu- 

40 lar weight of the copolymer is in the range from 
10,000 to 1,000,000, and said plug is designed to 
release effective concentration of a drug for one 
month or more. 

45 10. Biodegradable medical device according to claim 9, 

wherein the weight-average molecular weight of the 
copolymer Is In the range from 40,000 to 200,000. 

11. Biodegradable medical device according to any of 
50 claims 2 to 1 0, wherein the molar ratio of lactic acid 

units and glycolic acid units is in the range from 
50/50 to 80/20. 

12. Biodegradable medical device according to claim 
55 11, wherein the molar ratio of lactic units and gly- 
colic acid units is in the range from 70/30 to 80/20. 

13. Biodegradable medical device according to any 



15 



30 



40 



7 



13 



EP 0 654 256 B1 



14 



preceding claim which contains a drug for use in 
treating or preventing diseases of retina, wherein 
said drug is released gradually into a vitreous body. 

14. Biodegradable medical device according to any 
preceding claim, wherein said lactic acid unit is in L, 
D, or DL form. 

15. Biodegradable medical device according to claim 7 
or 8. wherein said drug is an antitumor agent. 

16. Biodegradable medical device according to claim 9 
or 10. wherein said drug is an antiviral agent. 

17. Biodegradable medical device according to claim 7 
or 8, wherein said drug is an antiinflammatory 

agent. 

18. Biodegradable medical device according to claim 3 
or 6, wherein said drug is an antibiotics. 

19. Biodegradable medical device according to claim 9 
or 10, wherein said drug is an antifungal agent. 

Patentanspruche 

1. Biologisch abbaubare, medizinische Von^ichtung 
zur Verabreichung eines Medikamentes in einen 
Glaskdrper, die aus einem Milchsaure-Polymer 
besteht und ein Arzneimittel enthalt, dadurch 
gekennzeichnet, dass die Vorrichtung ein nagel- 
ahnlicher Sklerastopfen ist und einen Kopfabschnitt 
(1,11) und einen Schaftabschnitt (3,13) aufweist, 
wobei nur der Schaftabschnitt (3.13) des Sklera- 
stopfens in den Glaskdrper durch die Sklera ein- 
fuhrbar Ist, so dass der Kopfabschnitt (1,11) 
aufierhalb des Glaskorpers verbleibt, wodurch der 
Schaftabschnitt (3,13) in dem Glaskorper absor- 
bierbar ist, so dass das Arzneimittel allmahlich aus 
dem Sklerastopfen in den Glaskorper fireigesetzt 
wird. 

2. Biologisch abbaubare, medizinische Vorrichtung 
nach Anspruch 1. wobei das Milchsaure-Polymer 
des Stopfens Milchsaure-Einheiten und Glycol- 
sdure-Einheiten umfasst. 

3. Biologisch abbaubare, medizinische Vomchtung 
nach Anspruch 2. wobei die massegemittelte Mole- 
kulmasse des Milchsaure-Copoiymers in dem 
Bereich von 10.000 bis 1.000.000 liegt. 

4. Biologisch abbaubare, medizinische Vomchtung 
nach Anspruch 2 Oder 3, die ein Arzneimittel zur 
Venvendung bei der Forderung der Genesung von 
einem Schaden nach einer chirurgischen Glaskor- 
perbehandlung enthalt, wobei dieses Arzneimittel 
langsam in den Glaskorper fireigesetzt wird. 



5. Biologisch abbaubare. medizinische Von-ichtung 
nach einem der Anspruche 2 bis 4, wobei die mas- 
segemittelte Molekulmasse des Copolymers in 
dem Bereich von 10.000 bis 100.000 llegt, und der 

5 Stopfen dafur bestimmt ist, eine effektive Konzen- 
tration eines Arzneimittels fur etwa ein bis zwei 
Wochen freizusetzen. 

6. Biologisch abbaubare, medizinische Vorrichtung 
10 nach Anspruch 5. wobei die massegemittelte Mole- 
kulmasse des Copolymers in dem Bereich von 
20.000 bis 40.000 liegt. 

7. Biologisch abbaubare, medizinische Vomchtung 
IS nach einem der Anspruche 2 bis 4, wobei die mas- 
segemittelte Molekulmasse des Copolymers in 
dem Bereich von 10.000 bis 200.000 liegt, und der 
Stopfen dafur bestimmt ist, eine effektive Konzen- 
tration eines Arzneimittels fur etwa zwei Wochen 

20 bis einen Monat freizusetzen. 

8. Biologisch abbaubare, medizinische Von-ichtung 
nach Anspruch 7, wobei die massegemittelte Mole- 
kulmasse des Copolymers in dem Bereich von 

25 20.000 bis 50.000 liegt. 

9. Biologisch abbaubare, medizinische Vorrichtung 
nach einem der Anspruche 2 bis 4, wobei die mas- 
segemittelte Molekulmasse des Copolymers in 

30 dem Bereich von 10.000 bis 1.000.000 liegt, und 
der Stopfen dafur bestimmt ist, eine effektive Kon- 
zentration eines Arzneimittels fur einen Monat oder 
mehr freizusetzen. 

35 10. Biologisch abbaubare, medizinische Vonrichtung 
nach Anspruch 9, wobei die massegemittelte Mole- 
kulmasse des Copolymers in dem Bereich von 
40.000 bis 200.000 liegt. 

40 11. Biologisch abbaubare, medizinische Vomchtung 
nach einem der Anspruche 2 bis 10, wobei das 
molare Verhaltnis der Milchsaure-Einheiten und der 
Glycolsaure-Einheiten in dem Bereich von 50/50 
bis 80/20 liegt. 

45 

12. Biologisch abbaubare, medizinische Vomchtung 
nach Anspruch 1 1 , wobei das molare Verhaltnis der 
Milchsaure-Einheiten und der Glycolsaure-Einhei- 
ten in dem Bereich von 70/30 bis 80/20 liegt. 

50 

13. Biologisch abbaubare, medizinische Vomchtung 
nach einem der vorangehenden Anspruche, die ein 
Arzneimittel zur Verwendung bei der Behandlung 
Oder der Verhtnderung von Krankheiten der Netz- 

55 haut enthdit. wobei das Arzneimittel allmahlich in 
den Glaskorper freigesetzt wird. 

14. Biologisch abbaubare, medizinische Vorrichtung 
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nach einem der vorangehenden Anspruche, wobei 
die MilchsSure In der L-, D- Oder DL-Form vorliegt. 

15. Bioiogisch abbaubare, medtzinische Vorrichtung 
nach Anspruch 7 oder 8. wobei das Arzneimittel ein 
Antltumormittel ist. 

16. Bioiogisch abbaubare, medizinische Vorrichtung 
nach Anspruch 9 oder 10, wobei das Arzneimittel 
ein antivlrales Mittel ist. 

17. Bioiogisch abbaubare, medizinische Vorrichtung 
nach Anspruch 7 oder 8, wobei das Arzneimittel ein 
entzundungshemmendes Mittel ist. 

18. Bioiogisch abbaubare, medizinische Vorrichtung 
nach Anspruch 3 oder 6, wobei das Arzneimittel ein 
Antiblotikum ist. 

19. Bioiogisch abbaubare, medizinische Vorrichtung 
nach Anspruch 9 oder 10, wobei das Arzneimittel 
ein antifungales Mittel ist. 

Revendications 

1. Dispositif medical biodegradable en vue de delivrer 
une medication dans un corps vitre, qui est fait d'un 
polymere d'acide lactique et contient un medica- 
ment, caractehs6 en ce que le dispositif est un bou- 
chon scleral semblable a un clou et comporte une 
partie de tete (1, 11) et une partie de tige (3, 13), 
dans lequel seule la partie de tige (3, 13) du bou- 
chon scleral peut etre introduite dans le corps vitre 
d travers la scl^rotique de sorte que la partie de 
t§te (1,11) reste a I'exterieur du corps vitre, grace a 
quoi la partie de tige (3, 13) peut etre absorbee 
dans le corps vitre de sorte que le medicament soit 
libere progressivement dans le corps vitre a partir 
du bouchon scleral. 

2. Dispositif medical biodegradable selon la revendi- 
cation 1 , dans lequel le polymere d'acide lactique 
du bouchon comprend des unites d'acide lactique 
et des unites d'acide giycolique. 

3. Dispositif medical biodegradable selon la revendi- 
cation 2, dans lequel la masse moleculaire 
moyenne en poids du copolymere d'acide lactique 
se situe dans la plage allant de 10 000 a 1 000 000. 

4. Dispositif medical biodegradable selon la revendi- 
cation 2 ou 3, qui contient un medicament destine a 
une utilisation pour fiavoriser une guerison d'un 
dommage apres une chirurgie du vitre, dans lequel 
ledit medicament est lib^r^ lentement dans un 
corps vitre. 

5. Dispositif medical biodegradable selon Tune quel- 



conque des revendications 2 a 4, dans lequel la 
masse mol6culaire moyenne en poids du copoly- 
mere se situe dans la plage allant de 10 000 a 100 
000 et ledit bouchon est congu pour liberer une 
5 concentration efflcace d'un medicament pendant 
environ une a deux semaines. 

6. Dispositif medical biodegradable selon la revendi- 
cation 5, dans lequel la masse moleculaire 

10 moyenne en poids du copolymere se situe dans la 
plage allant de 20 000 a 40 000. 

7. Dispositif medical biodegradable selon I'une quel- 
conque des revendications 2 a 4, dans lequel la 

15 masse moleculaire moyenne en poids du copoly- 
mere se situe dans la plage allant de 1 0 000 a 200 
000, et ledit bouchon est con^u afin de liberer une 
concentration efficace d'un medicament pendant 
environ deux semaines a un mois. 

20 

8. Dispositif medical biodegradable selon la revendi- 
cation 7, dans lequel la masse moleculaire 
moyenne en poids du copolymere se situe dans la 
plage allant de 20 000 a 50 000. 

25 

9. Dispositif medical biodegradable selon Tune quel- 
conque des revendications 2 a 4, dans lequel la 
masse moleculaire moyenne en poids du copoly- 
mere se situe dans la plage allant de 10 000 a 1 

30 000 000, et ledit bouchon est congu afin de liberer 
une concentration efficace d*un medicament pen- 
dant un mois ou plus. 

10. Dispositif medical biodegradable selon la revendi- 
35 cation 9, dans lequel la masse moleculaire 

moyenne en poids du copolymere se situe dans la 
plage allant de 40 000 a 200 000. 

11. Dispositif medical biodegradable selon Tune quel- 
le conque des revendications 2 a 10, dans lequel le 

rapport molaire des unites d'acide lactique et des 
unites d'acide giycolique se situe dans ia plage 
allant de 50/50 e 80/20. 

45 12. Dispositif medical biodegradable selon la revendi- 
cation 1 1 , dans lequel le rapport molaire des unites 
d'acide tactique et des unites d'acide giycolique se 
situe dans la plage allant de 70/30 e 80/20. 

50 13. Dispositif medical biodegradable selon I'une quel- 
conque des revendications precedentes, qui con- 
tient un medicament destine a une utilisation pour 
le traitement ou la prevention de lesions de la 
retine. dans lequel ledit medicament est libere pro- 

55 gressivement dans un corps vitre. 

14. Dispositif medical biodegradable selon I'une quet- 
conque des revendications precedentes, dans 
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lequel ladite unite d'acide lactique est de forme L. 
D, ou DL, 

15. Dispositif medical biodegradable selon la revendi- 
cation 7 ou 8, dans lequel ledit medicament est un s 
agent anti-tumoral. 

16. Dispositif medical biodegradable selon la revendi- 
cation 9 ou 10, dans lequel ledit medicament est un 
agent antiviral. io 

17. Dispositif medical biodegradable selon la revendi- 
cation 7 ou 8, dans lequel ledit medicament est un 
agent anti-inflammatoire. 

15 

18. Dispositif medical biodegradable selon la revendi- 
cation 3 ou 6, dans lequel ledit medicament est un 
antibiotique. 

19. Dispositif medical biodegradable selon fa revendi- 20 
cation 9 ou 10, dans lequel ledit medicament est un 
agent antifongique. 

25 
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